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ABSTRACT
The specific heat capacity, thermal conductivity and thermal diffusivity of Kerstingiella geocarpa seeds were determined 
as a function of  moisture content. The initial moisture content of  the seeds determined using the ASAE standard test 
was 10.0 % (d.b). The specific heat capacity of  Kerstingiella geocarpa seed increased from 155.83 to 204.45 Jkg-1k-1, as the 
moisture content increased from 10 to 30 % (d.b). The thermal conductivity of  the seed increased from 5.13 x 10-2 to 
4.87 x 10-1 Wm-1k-1, as the moisture content increased. The thermal diffusivity of  the seed increased from 2.35 x 10-4 to 
3.66 x 10-3 m2s-1, as the moisture content increased. These values indicate the ability of  the Kerstingiella geocarpa seed to 
retain heat when processed. The regression models that could be used to adequately express the relationships existing 
between the thermal properties of  the Kerstingiella geocarpa seed and moisture content were established.
Keywords: Kerstingiella geocarpa seed, specific heat, thermal conductivity, thermal diffusivity, moisture 
content.
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Introduction
Kerstingiella geocarpa (akidi) is an edible seed 
of  leguminous plant belonging to the family 
leguminosae. It is a tropical legume crop that is 
grown in Nigeria (Okaka, 2005).  Mature seed of  
Kerstingiella geocarpa can be cooked fresh or dried, 
and eaten with yam and stew. The cooking involves 
heat transfer operation; therefore, information on 
the thermal properties of  the seed is essential in the 
development of  the process and equipment needed 
in its thermal processing, as well as in drying and 
storage.
The primary thermal properties of  food and 
agricultural products are specific heat capacity, 
thermal conductivity and thermal diffusivity. 
Specific heat is the property needed in the 
estimation of  the amount of  energy required 
to change the temperature of  a product, while 
thermal conductivity and thermal diffusivity are 
involved in the determination of  the rate of  heat 
transfer for efficient process and equipment design. 
The understanding of  these thermal properties of  
food and their responses to process conditions 
is necessary not only because they affect physical 
treatment received during processing but also 
because they are the commonest indicators of  
other properties and qualities.
Singh and Goswami (2000), Aviara and Haque 
(2001) and Aviara et al. (2008) reported that the 
specific heat of  cumin seed, sheanut kernel guna 
seed respectively increased with increase in moisture 
content. Oje and Ugbor (1991) observed that lighter 
seeds had higher specific heat capacity value than 
heavier seeds, indicating a decreasing linear trend 
of  this parameter with increasing moisture content. 
Fasina and Sokhanasanj (1995) noted the existence 
of  a polynomial relationship of  the second order 
between the specific heat of  alfalfa pellets and 
moisture content.
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Singh and Goswami (2000), Aviara and Haque 
(2001), Aviara et al. (2008), Yang et al. (2003) and 
Yang et al. (2002) reported that thermal conductivity 
increased with increase in moisture content, while 
Aviara and Haque (2001) and Yang et al. (2002) 
evaluated the thermal diffusivity of  sheanut kernel 
and borage seeds respectively, and noted that the 
thermal diffusivity of  thses products increased 
with increase in moisture content. Subramanian 
and Viswanathan (2003) and Mariani et al. (2008) 
reported that the diffusivity of  millet grains and 
flours and banana respectively, decreased with 
increase in moisture content. Bozikova (2007) stated 
that the thermal conductivity, thermal diffusivity 
and specific heat decreased as the moisture content 
increased due to biochemical composition of  the 
crop.
For effective mechanization of  Kerstingiella geocarpa 
seed processing, the thermal properties of  the seed 
must be known. This knowledge will not only help 
in improved mechanization of  these processing but 
will also aid the producer to attain the best desired 
products.
There is limited information on the thermal 
properties of  Kerstingiella geocarpa seed. The objective 
of  the study was, therefore, to determine the effect 
of  moisture content on the thermal properties of  
Kerstingiella geocarpa seeds. 
Materials and Methods
About 2 kg of  Kerstingiella geocarpa seeds were 
purchased from Nkwoagu market in Udi Local 
Government Area of  Enugu State, Nigeria. The 
Kerstingiella geocarpa seeds were sorted and cleaned 
to remove spoilt grains, broken grains, stones 
and other foreign materials. The initial moisture 
content of  the seeds was determined by the 
method described by American Society Agriculture 
Engineering Standard (1983). In order to obtain 
desired levels of  the moisture content (15, 20, 25 
and 30% d.b), the samples were conditioned by 
adding distilled water of  mass calculated by the 
following rewetting equation:
       
where Mw is the mass of  water added to sample in kg, 
W
t 
is the total seed mass, Mi initial moisture content 
of  sample in % d.b. and M
f
 is the final moisture 
content in % d.b. The prepared sample was sealed 
in separate bags and kept in a refrigerator at 5°C for 
7 days to enable the moisture to diffuse uniformly 
throughout the sample. Just before starting a test, 
the required amount of  seed was taken out of  the 
refrigerator and was allowed to equilibrate at room 
temperature for at least 24 h (Dutta et al., 1988; 
Alagusundaram et al., 1991).
Determination of thermal conductivity
The thermal conductivity of  the seeds were 
determined at four different moisture levels, using 
the transient line heat source method assembled 
in a thermal conductivity probe. The probe was 
passed through the centre of  the seed and a fall 
in temperature occurred. A fall in temperature 
continued until a constant temperature was 
obtained. A rose in temperature occurred after a 
constant temperature period and at this point, 
the time was taken against the temperature. The 
thermal conductivity was calculated from the 
equation below:
 
where k is thermal conductivity in Wm-1K-1,QT, 
heat input in Wm-1 and t time in s. 
The heat input is expressed as follows: 
  Q = VI/L               [3]
where V is voltage in V, I current in A, and L length 
of  heater wire in m.
Determination of specific heat capacity
The specific heat of  Kerstingiella geocarpa seed was 
determined using calibrated copper calorimeters 
placed inside flasks, using the method of  mixtures. 
The calorimeters were calibrated following the 
procedure described by Aviara and Haque (2001). 
Mw = Wt  
(M
f
 – Mi)
(100 – M
f
)
[1]
k =                        ln (t
2
/t1)         [2]4p (T1 – T2)
QT
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To determine the specific heat of  Kerstingiella geocarpa 
seed, a sample of  known mass and moisture content 
was dropped into the calorimeter containing water 
of  known mass and temperature. The mixture was 
stirred continuously using a copper stirrer and the 
temperature was recorded at an interval of  three 
seconds. At equilibrium, the final temperature was 
noted and the specific heat was calculated using the 
equation:
C
S
 =                   [4]
where: CC, CS and CW are the specific heats of  
calorimeter, sample and water respectively (J kg-1 
K-1), mC, mS and mW are the masses of  calorimeter, 
sample and water (kg), respectively, R′ is the rate of  
temperature fall of  the mixture after equilibrium (K 
s-1), Te is the equilibrium temperature of  the sample 
and water mixture (K), T
S
, and TW are the initial 
temperatures of  sample and water, respectively 
(K), and t′ is the time taken for the sample and 
water mixture to come to equilibrium (s). The term 
t′R′ accounts for the heat of  hydration and heat 
exchange with the surroundings. The experiment 
was replicated three times at each moisture content 
range and the average values of  the specific heat 
were recorded.
Determination of  thermal diffusivity
 α  =                [5]
where α, thermal diffusivity in m2s-1, k, thermal 
conductivity Wm-1K-1, ρ the density in kg m-3, and 
Cp specific heat capacity in J/kg
oK.
Statistical analysis
The relationship existing between Kerstingiella 
geocarpa seed and moisture content was established 
using the linear regression procedure in SPSS 16 
for Windows.
Results and Discussion
The variation in the specific heat capacity of  
Kerstingiella geocarpa seed with moisture content is 
presented in Figure 1. The figure reveals that the 
specific heat capacity of  Kerstingiella geocarpa seed 
increased linearly from 155.83 to 204.45 Jkg-1 k-1 
as the moisture content increased from 10 to 30% 
(d.b). Similar trend was observed in the specific 
heat of  cumin seed (Singh and Goswami, 2000), 
sheanut kernel (Aviara and Haque, 2001), soybean 
(Aviara et al., 2003), borage seed (Yang et al., 2002) 
and guna seed (Aviara et al., 2008); but contrary to 
the observations of  Taiwo et al. (1996) for cowpea 
and Bamboye and Adejumo (2010) for roselle 
seeds.
(mcCc + mwCw) [Tw – (Te + l’ R’)]
        (ms [Tc + t'R’)  – TS]
K
ρCp
Fig. 1:  Effect of  moisture content on the specific heat capacity of  Kerstingiella geocarpa seeds 
 Results are means of  triplicate determinations.
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The regression equation showing the relationship 
existing between specific heat capacity (Cps, Jkg
-1 
k-1) and moisture content (M,% d.b) of  Kerstingiella 
geocarpa seed is shown in Eq. (1), with high value 
of  coefficient of  determination. This indicates a 
high effect of  moisture content on the specific heat 
capacity of  the seed.
Cps  = 2.691M + 127.72     (R
2 = 0.9553)          [6] 
where Cps is specific heat capacity (Jkg
-1k-1), 
M = moisture content (%, d.b).
The thermal conductivity of  Kerstingiella geocarpa 
seed (Figure 2) was found to increase linearly from 
5.13 x 10-2 to 4.87 x 10-1 Wm-1k-1 as the moisture 
content increased. The seed with 30% moisture 
content had the highest thermal conductivity, while 
seed with 10% moisture content had the lowest 
(4.87 x 10-1 Wm-1 k-1) thermal conductivity. Similar 
trend was observed in the thermal conductivity 
of  soybean (Deshpande et al., 1996), cumin seed 
(Singh and Goswami, 2000), sheanut kernel (Aviara 
and Haque, 2001), guna seed (Aviara et al., 2008), 
rough rice (Yang et al., 2003), borage seeds (Yang 
et al., 2002), ground and hydrated cowpea (Taiwo 
et al., 1996) and pumpkin seed (Kocabiyika et al., 
2009).
The relationship existing between thermal condu-
ctivity (K, Wm-1k-1) and moisture content (M, % 
d.b) of  Kerstingiella geocarpa seed was found to be 
linear and can be represented with the following 
equation:
ks  = 0.02M − 0.140 (R2 = 0.966)          [7]
where ks is thermal conductivity in (Wm
-1k-1)
M = moisture content (%, d.b). 
Fig. 2:  Effect of  moisture content on the thermal conductivity of  Kerstingiella geocarpa seeds
 Results are means of  triplicate determinations.
T
he
rm
al
 c
on
du
ct
iv
it
y 
(W
m
-1 K
-1
)
Moisture content (%)
0.6
0.5
0.4
0.3
0.2
0.1
0
10 12 14 16 18 20 22 24 26 28 30
104        Nigerian Food Journal  Vol. 30 No. 2, 2012 ...  Research Note
The thermal diffusivity of  Kerstingiella geocarpa seed 
increased linearly from 2.35 x 10-4 to 3.66 x 10-3 
m2s-1 (Figure 3) as the moisture content increased 
from 10 to 30% (d.b). The seed with 30% moisture 
content had the highest thermal diffusivity while 
the seed with 10% moisture content had the lowest 
thermal diffusivity. Similar trend was reported for 
the thermal diffusivity of  roselle seed (Bamgboye 
and Adejumo, 2010). They further stated that the 
increasing linear trend with respect to moisture 
increase may be attributed to its dependence on 
bulk density which also affects the porosity of  
the seed thereby making it possible for the seeds 
to transmit heat and have the ability to store it. 
Subramanian and Viswanathan (2003) and Mariani 
et al. (2008) reported that the values of  the thermal 
diffusivity for millet grain and banana showed a 
decreasing linear trend as the moisture content 
increased respectively. 
The relationship existing between the thermal 
diffusivity (α, m2s-1) and moisture content (M, % 
d.b) of  Kerstingiella geocarpa seed was found to be 
linear and can be represented with using Eq. (8):
αs  = 0.0001M − 0.001 (R2 = 0.970)         [8]
where αs is thermal diffusivity in (m2s-1)
M = moisture content (%, d.b).  
The suitability of  equations 6 − 8 for predictive 
purpose was verified using Chi square (X2) – Eq. 
(9). These were determined using the experimental 
data as the observed and the predicted and as the 
expected, no significant (P = 0.05) difference (df  
= 4; critical value at 5% level = 9.49 exists between 
the predicted and experimental values.
Fig. 3:  Effect of  moisture content on the thermal diffusivity of  Kerstingiella geocarpa seeds
 Results are means of  triplicate determinations.
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                 [9]
where MR
exp,i
 and MR
pre,i
 are observed and predicted 
moisture ratios respectively,
Cps  = 2.691M + 127.72
X2 – value = 5.48          [10]
ks  = 0.02M − 0.140
X2 – value = 7.19 x 10-2              [11]
αs  = 0.0001M − 0.001 
X2 – value = 5.92 x 10-4            [12]
This shows that these predicted equations 
could be quite valuable in estimating the specific 
heat capacity, thermal conductivity and thermal 
diffusivity of  Kerstingiella geocarpa seed knowing 
the moisture content. This also confirmed the 
existence of  a linear relationship between the 
specific heat capacity, thermal conductivity and 
thermal diffusivity of  Kerstingiella geocarpa seed, with 
moisture content respectively.
Conclusions
The specific heat capacity of  Kerstingiella geocarpa 
seed increased linearly with increase in moisture 
content. Furthermore, the thermal conductivity and 
thermal diffusivity of  Kerstingiella geocarpa seed also 
increased linearly with increase in moisture content.
The suitability of  the equations for predictive 
purpose was verified using Chi square (X2), which 
was found to be less than the critical value at 5% 
level = 9.49.
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